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Be^p^^tam  (rmXn  Is  frown  extensively  In  certain  parts  of 
SM3S«ft»  •specially  Urn  western  tw-teirfia  of  th«  state.  On 
account  of  its  drought  reaistfrnce  aoxT:hum  is  better  auitc<3 
eilBiatioally  tlian  eom.    Durlni?  a  dry  year  aorgliuja  often  pro- 
a  awch  higher  yi«ld  of  prala  than  oom,    Th©  nutritive 
i»lu«  of  worf^sm  also  <»S!pares  Qt»lt«  favorably  with  thdat  of 
com« 

HeoM  produced  grain  is  genewtlly  dieaper  t£um  grain 
IMirohased  couaBerclally  as  th«  farmer  Is  not  required  to  pay 
for  liandlini!?  or  profit  charges.    Qraater  dependence  on  rations 
p]*«pared  froa  Iiqhem  gro\m  s^in«  and  siits^lectcatting  them  only  to 
th«  extent  essential,  iwsuld  by  reducing  cost  of  production 
isteroftso  the  »aivin  of  profit, 

Vn&lm  trials  at  several  stations  have  shorn  that  hoM 
produced  ?»min  llli©  com,  onto  or  barley  could  be  used  either 
alone  or  with  a  little  supplementation  with  protein  oonoentratM 
11  Ice  so^^'bean  oil  iaefvl«  vhm.  good  quality  legume  hay  is  available 
for  feedinip       libitUB,    'aox^hua  grain  is  used  extensively  for 
dairy    cattle  feeding »  but  not  mifsh  esqpterlaental  i^orfe  appears  to 
have  been  done  \dth  t^e  f««diit^,  of  tlUe  grain  to  daizT^  cows. 

Gave  oxiA  Fitch  (193?5)  at  the  Kaxiaaa  Agrl  cultural  FJKperisient 
3tati«»i  d^aonstrated  that  there  m,u  no  parti  cxilar  dlffer«ace  in 
the  efficiency  of  com  chop  or  grouad  sorgo  seed  in  aaintaining 
body  weight  or  allk  production  wlien  both  were  sups^eoented  with 
protein,    Siiailar  a?»sults  have  li^m  rsported  from  the  Arisona 
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(192S),  Nebra«l»  (IW)  «ad  5ou%h  Dakota  (19*3)  Agricultural 
E9Kp«rlm«nt  Stations. 

This  03cperlment  was  undertaken  to  study  the  efficiency 
of  Borgl«ja  eraln  in  milk  production  when  used  aa  a  single 
grain  or  wlsen  aupploa^atod  with  soybean  oil  Baal«    The  effect 
of  the  tiiree  rations  supplying.  Uiree  levels  of  protein,  on 
the  ecwBpoaitlon  of  milk  in  re^»j?d  to  the  percentages  of  butter 
fat,  total  solids,  protein  and  ash  was  also  studied, 

HBYIEi^  OF  LITFHATU.'?r 

SorEhtaa  areJHi  In  Dairy  Cattla  I^M^ag 

Cave  and  Fitch  (19^5  a,b)  conducted  six  trials  from  1920 
to  1925  to  coagpare  sorgo  aaed  and  com  as  a  grain  feed  for 
dairy  cows.    Basal  rations  consisted  of  a  liberal  aii^ply  of 
ground  alfalfa  and  sorgo  silago*    The  s^aln  laixtur*  waa  aada 
1^  of  3  parts  of  wheat  brsn,  one  part  of  linseed  oil  meal  and 
4  parts  of  cither  com  ehop  or  ground  S9rso«    Soall  differences 
in  the  efficiency  of  maintaining  body  weight  and  eilk  production 
litre  observed  between  i^m  chop  and  "round  sorgo,  Efficiency 
©f  aorshaia  for  isilfc  or  fat  production  was  found  to  be  97,6  and 
95#8  per  cent  th«  effieiancy  of  com, 

(ksoBAn^trnM  (1928)  conducted  two  trials.    In  one  he  co»- 
parad  s»in  oorgham  with  rolled  barley,  -while  in  the  second  he 
eiWired  rolled  barley  with  ground  com.    The  baaal  ration  con- 
alatad  of  alfalfa  hay  ana  com  silage,  while  ^xtkin  ialxtures 
consisted  of  1  part  of  wheat  bran  and  2  parts  of  either  ground 
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•orgjbuay  rolled  barley  or  ground  yellow  com.    He  found  that 
grain  sorstnus  wui  as  effective  as  rolled  barley  and  the  latter 
M  effeetlve  m  ground  yellow  eom  in  dairy  cattle  f«edljB6« 

Barr  (19^)  reported  that  Sooner  tailo,  a  variety  of  grain 
milo,  mm  equal  to  oom,  pound  for  pound »  vbMi  these  grains  did 
not  form  more  than  52  per  cent  of  the  concentrate  nixturea* 
Olson  (19*3)  »lGO  found  no  slmlficant  difference  betiKiWi  yel- 
low com  and  aooner  milo  in  mintainins  body  weight  and  uiltc 
production  in  the  two  tx^als  conducted  at  the  South  Dakota 
Agricultural  ixpcrlment  Station.    Alfalfa  forroed  the  sole  bsaal 
ration  in  the  trial. 

In  a  recent  triAl  at  Kanaae  State  University,  Fountaine 
(1961)  found  sorghua  grain  to  be  about  98  per  cent  aa  effective 
as  com  when  fed  aa  the  only  concentrate* 

Effect  of  the  Level  of  Protein 
on  Miltc  Yield 

StUner  (1910)  in  sunaing  up  the  results  of  numeroua  eagper- 
lEjente,  especially  of  Geriaan  origin,  said  "In  so  fter  as  it  is 
possible  by  iMMtiia  of  food  to  effect  tlw  ftetl<m  of  the  mllv 
glands,  the  protein  exerts  a  very  profound  influence  in  .increas- 
ing the  quantity  of  millt.** 

Protein  in  f»#d  serves  tw  a^pajp»te  physiolof^lcal  functions 
in  ruBlauits,    One  function  pertains  to  the  requlreaent  of  the 
of  the  animal  for  maintenance,  growth,  and  production  while  the 
0^»v  pertainr.  to  rrowth  an*?  dc»velopaient  of  mlorooreanlsas  in 
the  digestive  tract  so  tliat  cellulose  is  digested  by  bacterial 
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f«rment&tlGfiti,    Hie  minimm  protein  required  for  aaxlmua  pro* 
<ltiotion  th«refdre  ae|)«KBd«  upon  xtsaich  fimotional  need  for  pro- 
tain  la  gr©at»»t,  as  th©  &m&  protein  la  uaed  in  both  functions. 
Sine©  th«  protein  requirement  for  s&ilk  production  is  hi^h«r 
than  the  requirement  for  bacterial  activity.  Urn  limiUne 
effeot  on  islcroorgimi»£3«  i«  not  prosent  In  iwnaal  rations. 

The  possible  effect  of  «3C©©sfi  protein  in  stlisulatlng 
greater  milii  ipoductlon  was  a  subject  of  live  Intere&t  in  the 
etu^y  part  of  the  present  caitury,    Several  experlmcsnta  were 
oondtictea  at  varloua  ©acperimmtal  statione  to  see  If  isore  lallk 
coiaa  be  obtained  by  ''protein  etlaulus.'* 

liayi^ord  (1902)  found  that  rations  having  nutritive  ratios 
betw»«R  the  llKlto  of  1:3.4  and  1jU.3  had  m  effect  on  the 
«iu«3tity  or  quality  of  siilk  produced,    Llndaey  (1^1)  on  the 
ether  band  obaerved  increaaed  flow  of  sailk  ^ihm  rations  con- 
tained an  exoeaa  of  dlgeatlble  protein  above  the  KiJiiffiwa  pro- 
tein requirement  of  the  anliaal,    faylor  and  Husband  (1922)  aleo 
obeerved  greater  aeeretlon  of  idlk  on  a  high  protein  ration. 

Kill  and  aaaoeiates  (1922)  m&e  an  extenelve  atudy  of  the 
influence  of  varying  nutritive  mtios  on  the  yield  and  oompoal-* 
tlon  of  milk.    Four  levels  of  protein  (very  low,  low,  aedlua 
iBid  high)  tifere  fed  in  eagfjerlEienta  eondueted  over  aiiort  aod 
Imm  S»«3Pioda  of  tiate*    Cotsa  fed  high  protein  rationa  averaged 
3*5  per  cent  awre  mXlk  than  on  low  protein  and  2  per  cent  a»re 
than  on  the  scedluca  protein  ration®  in  short  alternation  trials, 
mm  x^«ults  paralleled  those  obtained  in  eacperliaents  conducted 
over  long  continuous  perl ode. 
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liarzlaoB  ^  a3^,  (1932,  1933)  found  no  evldenoo  of  tli* 
aiisulfttrory  ettmt  of  protein  on  milk  producUoju  cmpaji?9A 
jpatlona  contaiiiing  20  and  £4  p®t»  cent  pix>t«ln  ^lith  one  corit&in- 
ia^  16  per  cent  protein,    Umke  a»2   oo  (1935)  in  ©  double  rcver^ 
«al  trial  iomd  milk  px?04iuctloa  to  b«  about  equal  qja  z-c^tiona 
wntsdninE  10,3  and  20»2  p«r  omt  ais«»tlblo  crude  protein* 

{1927)  also  obs^n^ed  no  difference  in  the  production  of 
Biil&  on  jP&Uons  oontainins  20»7  a»3  29*1  per  cent  dise^tlbl© 
orud#  p^tcin,    Slailar  results  ¥er«  ob tala«a  by  McCandllsJi 
(1959)  yiS^ckXntoah  (1940)  Wright  <19^K))  and  lacbaasU  j^i  i4» 

KaJ«iio4&  (1954)  found         protein  st^plled  greatly  in 
«mG«!e9  of  the  atandard  &llo%reiio«  re^uoed  ^Ik  $(l«ld» 

;^orosov  (1953)  ob«^pv«d  that  raisine  the  aig©«tibl©  pro- 
tein froa  the  fitaadaisl  of  90  m»  to  135        per  feed  unit  in- 
emamd  diAily  milk  yield  by  1  to  2  idloGrorao*         xurUier  ob- 
terved  that  high  yielding  cows  r««ot«cl  sor*  favorably  to 
inoreao«a  protein  than  aom  uxth  Im  ndlk  yields, 

MXC.  ma  holm9  (1^56)  using  a  balanced  latin  a<iuar« 
«tega  ovar  desi^ji  obaarvod  a  alight  but  statistically  insignif- 
icant, positive  inei-^aao  in  rail&  yiel^  on  rations  o<mtainiiig 
hi^  protein.    In  awbJiaquant  trials,  Hato««  s%,  (1956) 
&««pins  tha  atar^  a^valant  of  rationa  ««ast««t  adjuated 
ai^tlble  cruda  protain  to  10,  15,  &n&  17  per  cant,  Faaaing 
lima  tiirec  lavaXs  of  protein  1«<2  to  no  significant  diffar^aa 
in  lailk  yiald  or  body  vaight*    But         digaa tibia  oruda  protain 


m*  held  eenatant  at  16  per  em%  whll**  atarch  ©q^jlvalrait  of 
the  T^.tlona  were  alters  to        67        ?*"  r)*r  <5»nt,  t^^r.  Tetter 
two  fllsj^ilflcantly  Mfther  milk  riel^g  tlian  the  flrtJt  v/ith 

low  fltarch  eq^ilvaltnta . 

'^dey  ATnl  ?««re®  (1?'^),  ^^^n^.n  n'l^  tl^^totra  (1959)  ft«a 
Laisnejp  (1059)  obsarred  no  iiior«aa6  In  milk  yleia  by  tb<?  addl- 
%im  of  protein  supplied  abava  iciinlnuii  protein  reqnlr««««t«« 
ai«  (1953)  used  a  balanced  latin  gqnare  ehanga 
oirer  design  to  at\idy  the  effect  of  4  rations  having  factorial 
«Mft)lnations  of  hl^li  and  lot?  levels  of  protein  and  merfty. 
The  folio  wine  takle  gl^aa  -Uie  wutrlent  level  and  production  of 
atlk  obtained  during  the  expmrtumt* 


'  *  • 

Wowaa  Protein  J  High  Protein  i^ioneal  Protein  :Klrb  irotcln 

~_-  l^-f.m  tHl^b  ecemy  :    fflrh  energy  :  Low  encrrr.? 

intaKe  as  %  of 
requlreRent 

D.C.P,        104  122  75  131 

T.D.S*  90  105  96  86 

Production  5j|  saSOfHiA 

F.C.«,        846  955  892  ««T 

Body  Waight 

— sfeiaafia  =2S  ii  =is  «i6 

They  found  th^>  influence  of  the  energy  ooaplement  of  th« 
ration  to  be  alg^ilflCGnt  »,t  the  1  per  cent  level  and  that  of 
itroteln  at  the  5  per  cent  level.    The  Interaction  batwaen  leval 
of  protein  and  energy,  however,  was  not  slgnincant.    In  a  aub* 
aec|uent  trial  effcota  of  the  lovela  of  protein  In  the  ratlona 
were  not  significant. 


7 


WrifTht  (19^),  rerl€winir  th©  mlnimuci  protein  requix«Mifat«> 
©b0©i-\(&u.  Uiut  viAtxQUQ  to  he  t-^iiiciexil  ol-ould  not  Imve  &  autrltiv© 
ratio  wider  than  1:9,    Bsuctlett  ^  g^,  (19^)  eoiapared  two 
X«T«Xs  of  protein  In  large  aoale  flelcl  experimmtB,    One  level 
ftuppllecl  0#6  pounds  of  pix>t©ta  p«r  ^sallon  of  silk  wiille  Urn 
otiier  supplied  two-tiiirda  of  this  waoont  of  prot«ia«    Tm  starch 
#<iulviil®nt  was  kept  oonstant  in  botia  th«  rations.    They  found 
no  laeaaurable  difference  in  silk  yi^ld  or  body  weight  hj  reduo* 
log  th»  protein  level  below  th©  standard.    ^^iaoXntosh  (1940)  also 
found  no  detristrntal  affaot  on  to®  yield  or  condition  of  cow* 
by  lowering  the  protein  eciuiv&l©nt  froa  0,6  to  0,42  pounds  per 
gallon  of  lailk,         the  other  tmn&  OItcsII  (19^7)  observed  a 
drop  in  iailk;  yield  and  loss  oi  i>auj  vjei^t,  wh€sn  the  protein 
lair«l  was  r«duQed  b«low  the  atandard,    iiajanoja  (1954)  alao 
no  tilled  ^  reduction  in  nllk  yield  tdien  the  adniiatiQ  protein 
m<iuXv&mut  ma  x^u«ea  mm  viim  starch  equivalimt  k«p% 
oonatant* 

Lasaiter      ai,  (1957)  obaenred  a  drop  in  Dilk  yield  in 
mm  fed  ratimia  contalnliic-  7«6  and  9*4  per  o«aat  erode  prt>tein 
mrngmved  to  thoae  cowa  fed  rations  containing  13»1  per  c«jt 
erode  protein*    The  eow«  were  on  a  baaal  ration  of  timothy  hay, 
Oowa  on  7*9  per  cent  protein  in  ration,  lost  on  on  avere^e  57,5 
pounds  of  weight  over  each  thirty  day  period  eoapared  to  11.9 
poui^  of  sain  in  weight  in  com  fed  11,9  per  cent  protein  ration, 

Fr«aa  a»d  mjkstra  (1959)  also  noticed  r^uction  In  ailk 
yield  when  the  protein  requirement  for  production  waa  ira^pidiea 
at  10  per  cent  less  than  the  standard  reooaaanaed. 
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CoBpofiltlon  of  Milit 

itetcnm  and  H«S8  (1895)  reported  an  Inoroaae  of  fat»  total 
•olids  and  nitrogen  In  the  milk,  produced  on  a  ration  with  a 
narrow  nutritive  ratio  of  1:4  compared  to  one  vrltii  a  nutritive 
ratio  of  1:6«6*    hayiiord  (1902)  on  the  other  band  found  no 
difference  in  the  ooiapoaiticni  of  allk  on  rations  varying  in 
nutritive  ratioa  from  10«4  to  1:11, 3.    Lindaey  (1911)  observed 
little  effect  o;i  the  composition  of  mllfc  with  the  variations 
ordinarily  encountered  in  the  dlgeatlble  protein  intakes* 
Taylor  and  Husband  (1922)  reported  that  with  the  exception  of 
nm  protein  nitrogen,  which  is  not  a  product  of  tha  mammvy  pland, 
ImH  of  protein  had  no  Influence  on  the  percentage  composition 
of  fflllk,  '\  > 

Hill  and  associates  (1922)  concluded  fron  their  extesisive 
werlc  that  total  solida  and  fat  oontent  of  miliE  were  not  affected 
by  rations  varying  In  nutritive  witios  frois  1:5  to  1:11.6,  The 
protein  content  of  milk  alena  was  positively  influenced  by  aa 
increase  in  the  level  of  protein  In  the  ration.    Perkins  (1932) 
also  noticed  little  influsfnce  of  the  level  of  protein  on  the 
ebaraoter  of  ollk.    The  only  variation  he  observed  to  be  con- 
stant and  procresslve,  with  the  increase  In  the  level  of  protein 
In  the  ration  wis  the  percentage  of  non  protein  nitro{?:en  in  nllk* 
Greatest  variation  mas  In  perccoitase  of  \irea.    it  increasad 
ssrrsral  fold,    Amino  nitrogen,  ores  tin «  and  creatinine  nltropen 
ware  also  affected  in  th«  mm  direction  as  urea  but  the  varia- 
tions were  smaller* 
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ttie  above  flndingn         \mm  eorraboi^ted  by  serretttl  wi^* 
em  like  IntHmieti  ft  gj.,  (1945)  >  Olveoll  <1947) ,  Brelrwa  «t  el, 
(1951),  Venfcatappalah  and  Ba«u  (1955)  t  Hol»«»       g^.  (1956), 
Liarsoltcr      o|..  (1957)  #  May  and  F«»rce  (1957) »  Leisner  (1959)  > 
Frena  and  Dljkstra  (1969),  and  Lof:ait  (1959). 

Korosov  (1953)  oba«nr<^  tlMsit  the  fat  eontent  of  Bdlk  In- 
mtrnMed  by  0.25  to  0.;!5  p«2*  c«nt  by  mlelng  th«  dij^estlbl© 
protein  of  the  ration  trvm  the  fltandasvi  of  90  fyms*  to  about 
135  {-"r-  ner  fcorl  \inlt, 

Kajenoja  (195*)  observed  tl^at  a  very  low  protein  Intake 
reduced  oll^r  ftit  but  t«d       r>eroet>tlble  Influence  on  the  pro- 
tein content  of  milk* 

Volatile  Fatty  Aclda 

Interest  in  the  study  of  the  formtlon  of  volatile  fatty 
aoldg  In  the  ruaon  la  of  reeent  orlf?ln,    ^:i  -  Shasly  (1952  a,b) 
reported  that  the  level  of  volatile  fatty  adds  increase  with 
the  addition  of  a  purified  eouroe  of  protein  to  the  ration, 
DeaaAnative  brealsdown  of  amino  aoida  by  laioroorpanlsss  led  to 
inereaaed  ooncmtration  of  aaaoitla  which  in  turn  increaaed  con- 
c«aitratlon  of  iaobutyrio,  valeric  and  isovaleric  acida» 

Oray  et  s^.  (1952)  oba«rved  marked  butyric  femtentation  ^ 
Tltrq^  y&km  protein  wa«  sddaa  to  the  ration,    Annlson  (1954)  and 
Lewis  (1955)  Rl^o  noted  an  inereaae  of  volatile  ftitty  acida 
aisino  adds  ware  vuiiplied  for  ml  croblal  aotlvlty.    Bryant  and 
aasoolatcs  (1955)  and  (1958)  oHeervea  that  certain  branch  chain 
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t«x>iAl  brtftlKim  of  pwtein  ^r  'v  «»8«ntlftl  ft»r  th#  gsowth  of 
•«<f«rftl  8p«oio«  of  eelXulolytio  msinaS.  bacteria*    It  thus 
iR^ieated  intordopondMioo  of  %ix«d  znMmtl  ffiieroflore.  in 
dl£««ti<m  of  nutrlimta*    Hwagiftta  And  (1956) «  howo7«r« 

flaiXed  to  <3«iM)n«trato  1»«iiofiei«X  off^ot  of  the  ad^Sttion  of 
i^l«nrtle  and  Isovaleric  Isolde  on  tiio  ntill^tSf^n  of  atraw  by 
rumlnanta,  valerie  aiid  isovftlario  aclda  waro  fed  to  ataara* 

appetita  waa  atlsuloted  "but  thev0  m»  m  algmlf leant  gala  In 
iwtght*    llsatiial  BleroM al  aetliritT  m«  also  not  aisnlfl^^tly 
dlffer^t  than  in  conti«ol,      r  t  lllot  (1956)  also 

obaerved  no  atlmulatlon  of  oalliiloaa  digestion  jJa  x%^ro  by  tha 
addition  of  valftrle  and  laovalarlc  aoids* 

old-  a.:.:   .iv;i- (1957)  obaarved  lnor«a»ad  pareantagaa 
of  btttyrlo  and  lAstigC  BS&SA  Inoreaae  of  protoln  in  tha 

diet,    Perooatagaa  of  aootlo  and  proplonlo  aolda,  howairer« 
varied  Invaraaly*    Davis  aad  Qo««ioY<lcars  (1967)  obaarrad  a  dafi* 
nit©  inoroAsa  In  tha  production  of  totsl  -^^olatllo  fatty  aelda 
In  roaponaa  to  Inoi^aikaad  protain  feoding.    v^han  Uia  valitaa 

aoiqparad  on  a  pereentaga  ti«ala»  ftoatie  and  l^lni^  acids 
d^erwaaad  i^lla  butyrla  *oid  InoraaJiad  with  tlu»  laval  of  pro* 
teln  In  tha  ration* 

Laaaltar      i^,  (19^8)  fad  valaile  aold  alona  and  in  oo»» 
Mnation  wltii  Isovaleric  acid  to  atudy  tiia  affaet  on  tha  parfOna* 
snoe  of  laotatlng  cows*    They  fmmH  no  algnlflaant  diffWHKWMi 
in  oaiunn^tlon  of  hay,  production  of  sil^,  pere«itage  of  butter 
fat  or  gala  in  body  wal^t. 
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PIgifllbllity 

K®llner  (1910)  while  reviewing  pr>eviou«  woric  cm  the  «ff«ot 
of  th«  level  of  protein  on  digeatlon,  stated  timt  complete 
digestion  of  all  const! tuiKnts  of  the  fmd.  Xb  assured  in  naaln^ 
mtB  if  the  total  ration  contains  B  to  10  parts  of  digestible 
nltrosen?*fp«ft  substance  to  each  part  of  cro^ae  protein, 

Ellett  and  Holdaway  (1917)  al»o  observed  diseatlbllity 
olQseXy  aereeins  \fith  the  avapage  coeffloicsito  wheaa  rations 
ha&  a  narrow  nutritive  mtlo  of  1:2,4,    Thus  an  excess  of  protein 
in  the  ration  liad  no  l^ii*ther  etlsrulatory  effect  on  the  digeetim 
of  other  constituents.    But  when  the  nutritive  mtio  ma  widefi«d 
to  Isll,  dlgeatibility  of  protein  decrmaed  by  47  per  cmt^ 
fiber  by  54  per  cent,  K»F*E.  by  24  per  oent  and  fat  by  19  per 
cent,    Perltlnn  (1925)  also  observed  a  depression  in  dleeetibllity 
nftm  rations  had  a  nutritive  ratio  of  1:11.    fhe  greatest  depres- 
sion «sss  observed  in  ether  extract,  Its  digestibility  dropping 
frota  76  to  36  per  cent,    Burroi^^  (1950)  did  not  observe  any 
tiB^provejaent  in  cellulose  digestion  in  good  quality  rougNkg** 
like  clover  and  alfalfa  hay  -^m  they  were  suppl®a«ited  vXth 
protein  ooncentmtea.    Similar  results  have  been  obtained  by 
HiMld  (1955).    He  concludod  that  when  roughagea  wmtoined  1  per 
e«nt  nitrogen  (6,5  per  o«9it  protein),  further  supplesentation 
of  the  ration  vlth  protein  was  of      bimefit,  this  level  of 
protein  beine  adequate  for  the  gro^rth  and  activity  of  cellulose 
digestins  organissM* 


US 

aiover  and  Dousall  (I960)  fotmd  airestlbility  of  ca3rt3©hy» 
drat«s  to  b«  Xlttl«  aff«et&d  by  tiic  ciiaiis®  in  the  level  of  crude 
protein  vithin  the  mige  of  6  to  30  per  ccait  In  the  dry  matter 
of  the  feed.    It  was  only  ^fh.m.  the  T5rot<Jln  level  fell 

beloiir  5  per  cfsit  of  dxj  sa&ttor  ot  Um  icol  that  a  inftrlced  differ- 
ence In  digestibility  of  earbobjdratee  was  notieed, 

fuelre  cows,  9  iiolstelns  and  3  kerseys  of  the  Smaam  Q%mim 
lloiv^reity  dairy  herd  were  u£i«3  %n  the  expeilment.    Hie  cove 
iW9?«  in  pealj  production*    They  were  plaeed  on  a  prelisjlnary 
pei^od  of  a  standard  herA  ration  so  tbat  they  could  be  «rmip«iL 
m  the  baeie  of  niilk  produotion.    the  12  eom  were  divided  Into 
4  grow5>3  of  3  cowB  eadi  by  asslsniaaE  tee  first  thre«  hi^eat 
producers  of  4  per  cent  T,C,n,  to  the  first  g^roup,  the  next 
%lxrm  to  tJse  eecood  g2%»u^»  asid  so  on,  so  that  <^W8  within  each 
sroi^  mre  aa  far  as  possible  equal  in  production.    Cows  of  the 
mm  yloldlne  ability  ?r«nerally  ehow  a  siailar  rate  of  fall  in 
adlllE  yield  so  tliat  auch  £ix)upinaB  si^e  unlforaiity  of  production 
during  Ui^  eacperi»«Qtal  period. 

A  balMiced  latin  aqiuire  oImbi,?^  over  design  described  by 
Cochran  si  SaL»  (1941)  iias  used*    The  d««lg»  balances  the  treat- 
jaents  so  tlmt  ©very  cow  reoeivea  eaeh  treataent  once  and  each 
tmitaent  la  followed  by  every  other  treataient  an  equal  number 
of  tiaea*    Six  oowa  with  3  subpet4oda  therefore  forraed  one 
balttaoed  design.    It  was  replicated  twice.    Three  treatis^ta 
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iXWt  ioA  tA^  pspottiii  osm»m%t^%«9)         allotted  tqr 

Hi*  nndea  dlfttrlbution  of  tf«itfl«aB(ta,  rom,  and  eoXuana  nt&ag 
a  tabl«  of  x«atoB  aoalMHro*   fh«  pXan  of  the  distribution  of 
tMatnwita  la  ahom  m  follovas 


ft 

1  I  li  t       1       :       J?       !       3  t 

1555  ^  S  Sr^" 

I07B  3  C  A 

1«7C  CAS 
169C  143C  0  A  » 

xm  SSS  k  S  2  


A  <•  liadiuK  pt«talB  ooftoantmta 
B  «  Kleti  pmaitt  iHammtm%n> 
0  <•  tow  lutein  0mmm%rm%9 

aut^erloA  Mnaiatod  of  four  wo«l»»   tho  flrat  tve 
woi^  of  oMAi  aiAspoilod  ««s«  allewsd  for  adjuataat*  Tho  ihigt 
frofn  coo  tMataaat  to  anotiiar  naa  of footod  In  Mut  four  Oays 
«aa  ^  rooaliiaor  of  1^  %m  «o«!ca  uora  allowod  for  tho  otdjuat* 
mm%  of  Bloroblal  flora*    1&«  iN^oovd  of  tho  aubaoqpmt  two 
waaln  waa  utlXlzod  for  atatintloal  aaalyaia* 

Throa  odBoeittvata  sdacturoa  (loir«  Mdltn  mA  M#i  inrotaln} 
wr«  foraulatod      oalag  svain  sor^sai  aa  tha  aaln  iJigrodlant 
rnnA  aiipgil— tttng  it  «itli  »a|1»aaii  oil  aoal  (otbar  oxtf«etaa) 
at  0»  IS  and  24  par  oant  lorala*   fb»  paroaiMea  iagradianta  by 
aailS^t  in  tha  aanwatwtta  aixtura  la  ^rm  In  table  1« 


Tabic  1,    Coapoaltion  of  concentrate  mixtures. 


Incrre^51ent9 


I        "rote-l^  :  m^in  :  protean 


rain 
...  oil  laeal 


•  12  24 

111 


IpO 


100 


33^  0^««titrRte  nlxture«  wez>e  pfiOleted  to  faollltatc  han* 
dllnfc  anc^  to  jjiwide  unifoimlty  In  <Say  to  day  feeding.  Thi« 
also  re<lue«d  waaiase  In  fe^din^,.    i-h^nioal  esmXyaln  Inaicatlng 
the  fineneaa  and  uniforjaity  of  aodulus  of  the  grain  in  tha 
palleta  ia  giveai  in  table  2« 

Pellets       t    Flnenesa  of  !4ed^lus    t    Modulua  of  uniformity 

tow  protein  2,26  Oi5:5 

Medl-ura  pr-otein  2,32  0:5:5 

Kleh  protein  2,31  0:5:5 


The  e(mo«ntrate  pellets         eheaioally  analysed  at  tha 
Dapartsant  of  Plour  and  Faad  millne  industries,  Koiiaaa  state 
lAiive  raity.    Chemical  analysis  of  the  pellets  ia  ahoim  in 
Table  3* 


Low  protein 
Nedluai  protein 
Hie^i  protein 


?>  >  ^ 

13»0  8,9  2.9  1.52  2.19 

13,0  12.6  2.8  2.10  3.43 

12.4  17.0  2.6  2.49  2,82 


as 

i  J-'  •  * 

k  ma^i&  Gf  alMtfk  haj  mm  snaX^^iftd  at  th«  oh^esloal  serv- 
ice labomtorj  of  th«  JMnMS  Btat«  tmiveroit^  /ic^l«ultiu:«l 


^uinti3!^f  '  

Crude  flbr«  :!0.29 
Aih  8.77 

 Ss2lil   , , 


ll»QOir«iMnt«  of  dls««t&bX#  protein  and  total  dieteatiblo 
sitttrientfti  bMod  on  i4orriooti*o  fiNKlin^  tstoadmrd  (19^) »  woro 
eftXeulAM  fox*  tlw  ftiroragc  produotloi?  of  mXlk  during  tlio  iMt 
thr»«  dnyo  of  tho  standard  t^iuQ  p«riod«   thm  initial  coaooii* 
tr«t«  roquironont  «»•  baaod  on  th«  aaoooalt^  to  etqp{»Xjr  additional 
dtsoatlblo  protsla  and  total  dlgeatlbl«  nutrl«ats  after  alXotrlng 
2«5  pound*  of  alfalfa  fm^  par  XOO  potmdo  body  wols^tt  Sn 
•aqiaoQt  naoka^  oooooatratoa  wort  f«d  at  98  par  aant  of  Hi* 
protlotia  v««S:  lrr««p««tlv«  of  allk  production,   AlfaXfIa  hay» 
iio«av«p,  m  f ad  1^  U^U^*  ii«  ImX  baii^  adJuaUd  m,  « 
XlttX«  wali^baoic  ifouXd  b«  Xaft  ovor  In  tha  aaaear*   HalHioad  faoA 
%«aa  i#al#}ad  baale  aa^tti  dagr  and  atibtmet^d  fros  faad  off^rtd  to 
<totaniilxia  faad  Intake* 

6o«ia  ver«  oonflnad  to  atanehloaa  axoapt  for  ^ort  paaPlada 
In  tha  aontingat  i*mm>  thay  i**r*  alXovad  In  ^ragstatlon  fra«  op«i 
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fQV  nlMMMnrvr  wMtlswr  ptmdtttd* 

to  th«  n«Ar«ttt  •!  pminfU   t^UU  mpli^  frois  four  aMi««Qutlv« 

1»  pi!orwi*tl«n  t«  yield  ss^  ^swAjBtd  fusi*  fnt  ,  totedl  aoll<5«j  pjpo* 
Mn  atia  mh*  t&umiM  «attljr«ia  «acii#pt  for  fat  naa  doav  »t 
fUm  <itital««l  laimNiteiar  of  tbt  Wmm9  Btm%»  University  A^oul* 
ttawai  iaQ»erimBt  station* 

egnm  wort  tPoigbtoA  on  %m  tmMmnlrv  ^o  %t  tho  mum  hour 
of  tho       in  tho  boginniae  anS  mA  of  o»ti!x  oi^wMrtLaoBtia.  por&oA* 
tho  m^mm      tho  two  oonoomitlTO  noie^to  «»•  takon  in  eaXcfulat-* 
ilMlis^  in  tsody  iNd^i^sdit 

Aftor  tho  oni  of  tho  first  ogiportiMatttS.  ouAtfiorlod  eow 
170  C  tsooooo  oiolt  onA  hoA  to  b«  laooi^toUsed,   Thoroforo*  oho 
mm  4iff«9poft  flp0B  tho  oa^^oalQoiit  mA  h»t  proboble  yiold  for  8ub« 
toqmnt  porioOo  ooxouiotod  ^  tito  ioio«i»s  i^ot  tooinMpMi 
Csaoaooor,  1959}* 

sinoo  groos  offioionoy  of  MM  pimSmUm  ttiitm  into  aoee«»l 
tho  ^teiftlMo  «noffiy  -valwo  «P  allie  firedmooa  oaft  totol  airootii^ao 
iait«i«!ito  QOHutUMoAt  thio  i;^eoduro  moo  taood  in  ov&Xuotiae  tho 
rofit^to  of  tho  trial.    In  tMo  aothioA  tho  aieootiiao  munnsf  ^ 
adifc  io  osoisiod  to  be  3^  ircol*  909  ptmA  of  F«C«!f,  (aoinoot  1926) 
«mA  ^t  of  toted  digeotible  natrl^ta  to  ho  SOQO  Kcol,  |»or  pomA 

(Svlft,  1957).    Thiao  tho  flMMSte  t»T  effioioncy  of 

ttillE  pro<9uctl4n»  vma$mUA       itiNuigo  in  li^  iwiii^t  mn  bo 
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pOtSBftft  T«&«li*  X  2000 
fhe  adjusted  efficiency  of  milk  pro<3uction  further  tatc«« 
lato  account  th«  obattse  In  lire  vmi^t*    Saeh  pound  of  body  wel^t 
<^ians«  is  talc«n  a»  equlval«aat  to  195^  K calories  and  th«  dis«atibl« 
mex^  iraluj^  of  KlXk  is  «d  justed  according^ly* 

E3cp«t«laeaatal  resxilta  of  three  levols  of  protein  in  con- 
omtrate  feadlng  are  cl&asifled  «s  to  their  crffect  on  (1)  milk 
yield  O)  coiaposltlon  of  alia  (3)  oonssuniptlon  of  hay    (4)  chans* 
in  body  w<Af?Jit  and  <5)  efficiency  of  milk  production, 

!4llk  Production 

fbm  «ctTial  stllk  yield  vmn  oonvprted  to  4  per  cent  fat 
corrected  tsliic  yield  by  ualn  ■  >Rluea  (1928)  fonaula:    4  per 
cent  F*C«M«  »  0»4  x  pouaads  of  ailk  pliia  15  x  pounds  isutter  fat. 
Data  on  silk  yield  aXtxa^,  with  the  amlysis  of  variance  of  4 
per  6«»t  t9k%  (x>rreoted  ollk  yield  are  giv«»  in  !l^ble  5  in  iSi» 
ApfHBidlx*    A  suiBniary  of  average  production  is  presented  in 
Table  6  while  production  trm&B  are  ehoim  p;raji*ilcally  in  App€»idlx 
Fis^iros  1  and  2, 


tMm  6«  kvmmm  oXlu  pmOx^Mm       eov  per  dty  on  thffiMi 


iior  mtOuia  ftfteot  «f  f««ditt  ««p«  titKUftt&eedljr  significant  ioA 
th«t«l^  |n(auiS«d  In  tt)«  «i*f«9r  eompmnt  of  the  r^sfimM* 
VixHattmm  ffm  fmm  ^  plitiiA  t9  i>eflQ<3  «ad  earn 

wi^hia  ippOHpo  «9r«  •igjtHfleatnt  ftt  tilw  2.  per  cent  XeteX^  But 
iMirltttl«t  ^  to  tpefttoeist  m»  m%  Atnttstieedlly  i^k^flwt* 
n  ie         nffttMBt  tl«t  tttrifKMKlns  ^  lev»X  of  pvotetn  nftim 
tet  s^piOled  %^  th«  XoM  pz^Ma  <iftBentrftte  M  no  ol^fioMit 
lafliMMe  on  wlXit  yieX^  or  4  p«r  o«mt  f&t  em«o%«d  nille  jieXd* 

eM«M«iUon  of  mxk 

flM  «ff««t  of  ti^e  three  Xevele  of  lutein  fewtlno  ^  the 
«m«»oeltion  of  sdlk  w  rigmwai  sMOHNWIt^e  of  fi^ty  totaX  solide, 
9«Btela  Cxiltiii0Mi  x  C^2$}  i«i  mIi  le  t^mm  la  t^ble  7  la  tlie 
*ippmMx  itiUe  the  minwaiy  of  it  la  (^^rm  %»  TmVX9  S*  Figme 
3  enA  4  in  tii«  iMP9«)fttx  sift  ert^lilosaiy  the  trend  In  oi«poeltl«i 
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9ltbl«  8.    Atmkgfi  eoaipossltlon  of  silk  on 
 thrg«  levela  of  piToteln,  

Total  8olld8  12.57  12.72  12. *9 

Fat  3.Q^  3.99  3.^^ 

Prot«ln  3.17  3.22  3.10 

A«h  0.71  0,71  0.71 

AnalyslB  of  variance  of  the  perccoitaee  of  total  solids  In 
Wllk  indicated  sl^lflcmit  varl&tiano  from  group  to  group  and 
mm  within  c^npa  at  tha  1  per  cent  level*    But  variations 
ffcn  period  to  period  tm&  treatment  to  treatnent  ^fere  insignlfo 
iMttit*    l^el  of  protein  thus  had  no  sisnifloant  effect  on  the 
percentage  of  total  solids  in  ffilllE.    A  similar  trend  was  also 
shorm  in  the  percentage  of  butter  fat.    Variatione  from  p;rottp 
to  grou^  anA  oovn  vrlthin  grc^  were  aignlfioant  at  the  1  per 
eettt  level*    l^t  variations  due  to  level  of  protein  and  stage 
of  lactation  were  not  elsnlf leant,    Variationo  in  the  percentage 
of  protein  iwwpe  slmllfiur  except  that  variations  of  cows  within 
grouiMi  were  not  slgnlfloant  at  the  5  per  cent  level* 

Analysis  of  variance  of  p6roentaf;',e  of  ash  indicated  a 
statistically  si^Rdflcant  decreaae  from  period  to  period}  the 
pereenta^^e  of  ash  do  creased  as  lactation  advanced.    The  total  of 
12  obaervations  during;  each  of  the  eacperliiMSital  periods  «as 
13*61,  0.52  82)d  3*42  from  first  to  the  third  ejcperiaental  period. 
Urtrel  of  protein  in  the  ration^  hoveveri  hid  no  sisnifloant  effect 
on  the  percentage  of  ash  in  milk. 

It  la  timsi  apparent  teat  level  of  protein  witJiin  the  range 
of  9  to  17  per  cent  had  no  algniflcant  effect  on  tJie  percentage 
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of  butter  fat,  total  solida»  protein  (nitrogGii  x  6,25)  or  ash 
oont«at  of  tsilk, 

GonauBcptloa  of  lia^r 

Data  p«g!ipd3ln6  tli*  ©ffoct  of  thr«e  levels  of  protein  in 
tbm  concentrate  cm.  th©  conitusiptloti  of  aXfalfa  hay  «i«e  |»r«Nt«nt«a 
In  TalDlc  9  in  tbt  App«n«51x»    Analysis  of  variance  iiKlicatad  that 
varlatlcruB  froe  ^roup  to  eroup,  period  to  period  and  covis  vrithin 
sroi^a  wer«  simi Tenant  at  the*  1  per  04&?5t  le-zel,  but  variatlems 
due  to  traatiacamt  were  not  sigrilflcent*    InoraaslriS  the  1gv©1  of 
protein  abov©  nine  per  o«nt  in  tl«&  conoentrat©  ratiwia  thus 
proTifled  no  "protein  stimulus"  to  incr«a#«4  ©enamptim  of  hay. 
iima  eammsptXon  of  alfalfa  hay  per  oow  per  day  vaa  30«1»  29,0 
aadi  29,  C  potmas  on  low,  iaadlura  and  high  level  of  pro  tain  foediag 
paapactlvely.    Av«M««  eonam^tioa  inoreeaed  from  26,9  pounds 
dtirlae  th«  flrtat  axparloental  period  to  30,2  pounds  during  the 
aeeona  and  31»5  pounds  durintj  th@  thii^,  aa^parlm^tal  pariod. 
The  trend  ia  ab&m  grs^oally  in  Appaadlx  Fl«ar«  3» 

lAve  ¥«ight  Ohangta 

Changaa  in  live  itH^rt  «n  ikm  tiirae  laraXa  of  protein 
faadlng  are  proscmted  in  Table  lo  in  th©  App<8sdix,    Th©  analyela 
of  variance  waa  oarrled  out  on  the  thr©«  emplete  sets  of  latin 
0qt»r«a,  th«  fourth  aet  b^Ulg  <>sjitt©3  from  th«  analyflia  on 
account  of  Inoomplate  data  on  cov?  370  C,    V^ariaticma  in  llv« 
weigjit  froa  pario<3  to  period  alone  wre  si fl  cant,    a  l«v«l 
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of  protein  abovo  9  P«r  cent  ban?  no  alc^nlf leant  offset  on  live 
iifttlght*    Averas*         in  weight  on  the  thj™e  levele  of  protein 
feeding        9,2»  2,7        11»2  poiindti  r«ip««tiv«ly.    rmlnf?  tJa# 
ffturteon  daj^o  of  (»!?cr»prl'n<Tnt€il  rir-Hfyi  cr-*?  on  an  Aver«£«  @elfi«d 
1.8  pounds  In  the  first,  loat  4,2  pounds  In  the  second  and. 
gained  25  pouwJa  in  tlie  thlrt!  ©3qE>exlmental  period.    The  dlffer- 
«si«e  daring  the  first  and  fcetrnd  e3gp«yl8i«ntal  peidod,  was  not 
atfttlstloally  al/mlflor-  ' . 

^Tfloiency  of  Mils  Production 

Gross  efficiency  of  milk  production,  without  taldng  Into 
aeeount  th«  Qhsns«  in  live  w«l^t  and  aftor  adjustlnet  it  for 
tod  body  welsht  ohaag©,  le  presented  In  tabl©  il  In  th« 
A|iip«nftlx  vmie  the  mmmty  of  It  l9  slv<m  in  Table  12, 


 ^^-^  ?  i^^f  protein  t  T4iidi«ai  grotgln  t  Hig^  r^^%^\r} 

Qroaa  effloienoy  28,8  2<?,4  29',0 

Adjuatod  efficiency      31,1  36,0  32,1 

Analysis  of  variance  Indleatsd  signif leant  variations  at 
the  5  per  cent  level  froa  group  to  ^roup  and  bctvre«i  eorm 
within  G2*oupt5,    But  variations  fro*  period  to  period  and  troat- 
oent  to  treataeat  were  not  statistically  significant.  Thus, 
tlie  level  of  protein  above  9  per  sent  in  the  ooneentrate  ration 
had  no  si^flcant  effect  on  the  adjuated  efficiency  of  mills: 
production  t^en  ©owe  vere  m  |^  JJ^O^  oooauiption  of  olfjafa 


W  pmm&a      t&%  c^rtmiM  i^He         are  glv«n  i&  ft^blt  13 
•y«fi^  totel  dtlgGdtibX®  mitili»t»  <>«qul2*«dl  {»«r  XOO  pound* 
mm  6d*4»  63,«5  msA  60*0  pmi»i3«t  ^  aiff«mn«i«  i«Mi» 

p0«Bii»»  f!PC«i  the  lii^t  to  Urn  ^3KI  «i^«i>!l»«»^taX  p^Hodt  th« 

msmBsim 

«t9«»|lHl!lts.    this  WfiaMllty  »j  b<?  eilialitated  by        »»«  of 

«r«  j?x^via«a  f»r  adlwttBtint  t©  b«»  «iw>a.®t«di»   Bat  tlMi  tta 
of  t3»i  tMt»«it*   Balmeing  tJte  9Xs»^e^Mita3.  AmJ^  Sua  tmm 
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•Iptilf leant  nothlnr  Is  gained  hy  adjusting  the  mmokB  for  resid- 
ual effect  (Coehiwi  ^  §Q^,  19M).    The  resiatial  effect  In  the 
presi!«nt  trial  mb.%  not  significant.    It  was  therefore  inclwled 
In  the  error  component  of  the  analysis  of  variance. 

A.  ftar'ther  source  of  variation  1«  due  to  the  characteristic 
drop  In  milk  yield  as  lactation  advances.    This  decreaaa  in 
«ilk  yield  is  not  ttic  same  for  cov3  with  varying  production 
M^paoltles,    rhe  decrease  is  ^x^ter  in  hX^i  ylelders  than  la 
lov  producers.    Grouplne  the  cows  in  such  a  way  that  cows  within 
aafih  e^oup  ar<?  as  olrallar  as  possible  would  reduce  the  experl- 
MKttal  error  due  to  a  decrease  in  milk  yield,    ihe  rate  of 
deerease  in  jprroups  of  vai»ylng  production  levels  In  the  preaimt 
experiment  is  shown  In  Table  13»    'The  trend  la  also  apparent 
froai  Figure  two  in  the  Appendix, 

Tabl»  1!}.    Pecr^aae  in  millr  .?lgld  durlrr^-  the  Iqictatlon^ 

i  .^SiiE  

} 

8         X        :        il  J        lii        :  IV 

Iba.  lbs.  lbs.  lbs. 

Total  milk  yield*          403.0  358.6  232.4  519.9 
Decrease  •» 

Expt*  period  1-3             12.0  10.5  5,0  8.1 

Expt.  period  2-3             19.4  13.1  9.5  21.0 


•Total  of  the  average  dally  milk  yields  of  3  cows  in  the  Exovcp 
over  3  experioental  periods. 

The  rate  of  fall  decreased  from  the  hish  yielding  cows  in 
group  IV  to  low  yielding  cows  in  group  III,  iuatifying  the 
prouplnfr  accordlnfT  to  nllk  yiclcJ.    It  is,  however,  difficult  to 
secure  cows  vftiich  are  nearly  alike  in  production.  This 


24 


lntroduo€{3  variaMllty  within  grempa  aa  la  apparent  froa 
analysis  of  vaurlanoe, 

illit  ifield 

Avewige  dally  four  p«r  cent  fat  corrected  milk  yield  did 
not  vary  significantly  wh«n  low,  medium  and  high  protein  con- 
centrates were  f©d  to  oowa  on  a  basal  ration  of  alfalfa  hay 
M  MJ^l^m*    ^«  lov  protein  ration  uaa  nade  up  of  aorghvn 
grain,  while  In  the  medlua  and  high  protein  ration  aorgdnai 
grain  was  suppleoieQted  wltb  12  aiad      per  cent  soybean  oil 
neal.    As  there  wtas  no  difference  in  allk  yields  it  appears 
that  8ort?hujB  prain  alone  can  meet  tlie  requirements  for  ollk 
production  of  cows  on  a  basal  ration  of  good  quality  alfalfa 
hay.    Sobs  of  the  oows  in  the  present  ejcperisent  were  high 
producers.    Cow  165C,  153C  and  IA3C  averaged  68.2,  66.4  and 
63.1  pounds  of  fat  corrected  milk  yield  dui^np  the  first  experl 
raental  period.    In  the  previous  trials  at  this  station  by  Cave 
and  Fitch  (1925) t  the  high  producers  averaged  30  to  35  pounds, 
and  sorghms  constituted  57  per  cent  of  the  concentrate  ration. 
In  til©  experiments  at  Nebraska  by  iJurr  (1940)  sorg^suns  consti- 
tuted 52  per  eent  of  the  concentrate  ration,    Fj«om  iHteulta 
in  the  present  trial  It  is  indicated  that  soi^hum  grain  alone 
can  support  milk  production  un  to  60  pounds  per  day  for  cows 
fed  on  a  basal  ration  of  ??ood  qtiality  alfalfa  hay. 

Protein  sursplled  above  the  requirements  for  raaintenanoe 
and  milk  production  provided  no  "protein  stimulus."    This  is 
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in  iiif««iiimt  with  %t»  ttfAUm      H«nPl«on  an*  Savtc*  (1932) , 

ttBtf  n^Um9  (1956)  f         «bk5  l»««ro«  (1957)  t  Fr«n«       Di jiatr» 

mUc  yi«W  »I«ae  3m*  mt  provide  a  trw  Mtinatc  of  th« 
3«iU<m  eff««t  ttnl«r»»  tlw  ihtag*  la  bo<Sy  wlgBt  Is  t^«ii  Into 
«e«9ant«   «»  saln  in  wi#it  p«r  co^  dupiag  tt*  «ntir« 

•i^ftsHMntal  period  of  14  a«jrs  ^  th«  thr»»  rations  \«m  9*2 « 
t«7  «»a  11»2  9««mla»  r©«p#«tiv«ly.    lEIi*  aiff«rwio««  b«tii»«ii 
tr«ftts6Rts  «wp«  mt  etatlstloally  3l?!fiiflcant.    lti«  9aMm& 
twnats  «f  (Bills  yiiaa  «aa  i^«R@»  in  liT«  veieJbt  wold  Indieat* 
timt  Mi99^Bm  gMin  is  ftd»QQat«  to  met  the  requir^wnts  for 
MdUitmaiioo  miA  wsilk  pr^y^x'^ctim.  up  to  at  le&«t  60  pouii^s  p«t 
m  A  hfmal  m%X<m  of  ©ood  <i«aUty  alfalfa  hay* 

HiUi  OQHI^sitlon 

ttia  tlHPta  levels  of  proMn  in  the  oonc^trat«  ratiocui 
did  not  ai^fleejitly  altar  th®  owiqpealtlon  of  wilk  aa  ra^af^ 
tha  paiwitaga  of  total  9olida»  fat,  protein  and  aah.    ThXn  xb 
in  asraaiMBt  nith  the  findin^a  of  Hill      iy^«  (19^)  >  Inchi^ustl 
i^M*  (19«5),  llo3UMWi^fli«  (l»)f  Laasiter  isi  ii,  (1957), 
•ad  imm  ill  IL*  (1959)  aa  raipi^  total  aoll^a,  fat  and  aah 
mm9tmmt9  of  oilis  bat  diffara  vith  the  flndiivTQ  of  fiill  j||  a1« 
(19i^) «  PMPldna  (19^) »  Beaoh  ^  i^,  (1954)  *  Vankatappaiah  and 
Baau  (1955)  that  tl^  protein  oemtent  of  sillc  varies  with  the 
laivel  of  protein  in  tha  faadf  Hie  Inereaae  haing  In  non  protein 

nitrogen*    Increaaed  pixjteln  Intake  raises  the  non  protein 
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nltpopien  In  the  blood  (Perklna  I960),    Aa  the  blood  rich  In 
lion  protein  nltrop'cn  pMnea  throuj^h  the  nmmmvj  i^laxids  the 
percf?ntace  of  non  protein  nitrogen  in  mlllc  Inoreaeea,  Non 
protein  nitroj^en  of  nilk,  not  beinfr  ft  secretory  product  of  the 
SMMkry  fTland  (Taylor  and  Husband,  19^?2),  la  dependent  on  its 
concentration  in  the  blood*    It  is  possible  that  conditions  of 
this  earperliaent  wre  not  euffloiently  critical  to  aeasure  very 
ttttftll  differences  in  the  protein  content  of  milk, 

Oenoiusption  of  Hay 

Th^KTt  vtka  no  algnlfleant  differenoe  in  the  eoneiiiaptlon 
of  hay  with  three  levels  of  protein  intake.    That  the  protein 
•Qiqplted  above  tlae  body  reqtiireraents  provided  no  stimilua  to 
appetite  is  in  agreemefnt  vith  the  findinga  of  seahan  (1936) » 
Reld  and  Holaiea  (1956),  Laasiter  £i        (1957),  aiKl  lo^m  s% 
^*  (1957).    The  eonounption  of  hay,  however,  varied  aignifi- 
QMktly  frora  one  aagE>«ria«atal  period  to  another.    The  average 
conctunption  of  alfalfa  hay  per  cow  per  day  dwring  the  thx*e« 
«jtp«ri!9ental  pertoda  waa  26<,9,  30.2  and  31.5  pounds.    It  la 
poaalble  ttiat  eowa  rsay  have  increased  the  consuiaption  of  hay  to 
coiapeniiate  for  the  reduction  of  tw  per  ctmt  in  concentrate 
fecdloe  in  eacSh  subsequent  weeic*    This  deer«Mie  In  oonoentrate 
feeding  was  siore  than  the  actual  deorease  in  milk  yield, 

Efflci«aey  of  KilSt  Production 

The  variations  in  the  effiel«®cy  of  milk  production  on  the 
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%hm€^  expeilnient©!  rationa  v&re  not  statistically  significant, 
the  averse®  values  beine  30»0  nxA  32,1  per  o©nt  on  low, 

wwSlura  and  hl^i  protein  rations,  r«Mip©ctlvely,    The  efficiency 
of  fiill&  production,  hov?ev©r,  varied  slcnlfiocntly  fr<m  gm^ 
to  group  end  co^.a  v.'itliin  groups.    Individual  variations  are 
fto  oharaeterlBtic  that  in  apitc  of  different  criteria  in  e^oup- 
ifig  of  the  enliBfila,  variations  are  bound  t-o  reoain,  Groupir^ 
oan  only  h€»lp  In  aiini£ai;iin£  tlic  variations. 

ISmi  e«perlawait  waa  conducted  to  study  the  efficiency  of 
grain  aorgjbua  for  milk  production  ^esi  used  as  a  single  grain 
or  -wheal  aupplemented  with  12  and      per  cent  soybean  oil  meal 
on  a  basal  ration  of  good  quality  alfalfa  hay  fed  ^d  libltaa* 

The  reeulta  from  the  feeding  of  tiic  tliree  osnoentrate 
ra%&<Ri8  to  12  oows,  9  Holstelna  and  3  Jerseys,  in  a  balenoed, 
3x3  latlJi  square,  change  over  doslpi,  %vere  studied  in  reg*"^ 
to  productlcffi  axKl  o«6^3ltlon  of  milk,  consumption  of  hay, 
<tibaiige  in  body  v«Lght  and  efflcicincy  of  oilk  producti<»i.  iMach 
period  c<aiai0ted  of  four  w«tlHi  of  Mliicdi  the  fix^at  tw  meka 
were  allowed  for  adjuatiaent  and  the  aubaeouent  tw  wwka  used 
as  the  eiqperi)a«ntal  period* 

The  4  (?roupa  of  3  cowa  aach  averar^ed  61.9,  *9.6t  *3«6  and 
28<,0  pounds  of  four  T>er  cent  F.C."4,  per  cow  per  day  durinp  the 
first  experieNmtal  period. 

Beither  silk  production  nor  body  weight  chan^ea  va3?ied 
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significantly  aeons  the  treatments.    The  4  per  cent  F.C.M, 
«v«ragttd  41,9>  42.3  azui  42«0  pounds  per  oow  p«r  day  ySaXl«  tlui 
gain  In  weigiit  per  eow  over  the  •uperlmimtal  periods  of  14 
daya  avarae^A  9*2,  2«7  and  11 « 2  pmman  on  the  three  experimental 
rations.    The  ©e®blne«l  reaulta  of  mllK  yield  and  body  welri;t 
ttam^  indlc&te  that  iCifBitiUM  gx-aln  alone  la  adequate  to  aaet 
the  requirements  for  ntaint«aanca  and  stllk  praduotlon  of  at 
least  60  poiaida  per  day  ^len  cova  are  on  a  ba^al  ration  of 
tSlsoA  qwaity  alfalfa  >my. 

The  level  of  protein  iii  the  ratltm  had  xk>  algnlfioant 
effect  on  tlie  COTiposltlon  of  rall?t  as  reimrds  percentage  of 
total  30lida»  fat,  protein  {'1x6^25),  and  ash.    There  ma  no 
•ignlf leant  dlfferenoo  In  tiie  consuiaption  of  hay  wltli  the 
Inoreaae  In  the  level  of  protein  In  the  ration,    The  oosx&xietp^ 
tlon  of  hay,  hovever,  Inoreaaad  alptlflcantly  froei  pei^od  to 
period,  pesalbly  to  awipenaate  jPor  the  more  than  proportionate 
WMildy  <)eoreaae  of  2  per  eent  in  the  concentrate  feeding  than 
the  actual  fall  in  milk  yield  aa  lactatlMi  prosrassed, 

Efflclflooy  of  allBc  production  averasa^  31»1,  3S0,0  and 
32»1  per  cent  on  the  low,  medium  and  hljjh  protein  ratl(ma« 
raapeotlvely.    The  dlffereneea  i*ejpe  not  elrnlflcant, 

From  the  results  It  may  be  concluded  that  grain  aov^smt 
MB  be  used  as  a  ainfl©  craln  on  a  basal  ration  of  rood  quality 
alfalfa  hei^  to  saet  tlie  requi  rsnwnta  for  oalntenanoe  ejoA  loillc 
production  of  60  pounds  of  four  pe-r  c^t  ffet  corrected  adll!t 
yield* 
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Table  5. 


Average  milk 


yield  per  com  per  day 


Low  px-oteln  


Hlph  protein 


«  i'^  Jk  X  n. 

•  • 

:  i  ll  Ik 

« 
• 

• 

•  • 

\4\J  YitJ 

•  lY  xt?x^ 

*  L  01  w  ■ 

F  C  M 

• vl eld 

!  Fat 

:F-C  H. 

: vl^ld 

•  J  «L  v7  a.  V*. 

;  Fat  * 

P.  CM. 

X  WD  • 

Ibfl 

Iba- 

• 

lbs. 

4  4 

«  X 

4  3 

21 -Q 

17.3 

4.7 

19.2 

*TC.  t  X 

_/X.  u 

3  4 

28.8 

44.7 

. 

37-1 

143C 

64,0 

3.9 

63.1 

60,0 

3.7 

57.8 

52,3 

3.9 

51.7 

153C 

57.8 

3.5 

53.2 

60.8 

4.2 

66.4 

63.7 

3.6 

59.5 

155C 

56.4 

3.4 

51.2 

48.3 

3.6 

45.0 

59.6 

3.4 

54.4 

157c 

44.3 

4.2 

45.3 

42.9 

3.9 

41.9 

37.4 

3.7 

35.4 

165G 

67.9 

3.2 

59.  S 

63.1 

4.6 

68.2 

74,2 

3.5 

68.6 

1690 

45.0 

3.9 

44.0 

42.0 

3.8 

40.8 

38.3 

3.8 

37.0 

175c 

40.9 

3.3 

35.3 

34.3 

3.5 

31.8 

43.1 

3.2 

38.1 

178C 

43.2 

3,3 

38,6 

56.3 

3.1 

48,7 

52.9 

2.8 

43.4 

36OC 

27.3 

5.3 

32.4 

24,9 

5.2 

29.2 

30.2 

5.1 

35.2 

570c 

17.8<» 

5.2« 

21.1* 

24.0 

4.7 

26.7 

2P.6* 

5.1* 

24.7* 

«  ml a sing  values. 


Analysis  of  Variance 


Effect  of  level  of  protein  on  the  production 
of  4  per  cent  F.C.M, 


* 

Source  of  Variation 

m 

D.F. 

• 

:  F 

Groups 

^ 

1567.43 

376,8** 

Cows  v/lthln  groups 

8 

216.56 

52,1** 

Periods 

2 

207.91 

50.0** 

Group  3c  periods 

6 

5.31 

N.S, 

Unadjusted  direct 

2 

0.49 

N.S, 

Adjusted  direct 

2 

0.39 

N,S, 

Carry  over 

2 

0.08 

N.S, 

Error 

6 

4,16 

«♦  P<0,01 

N,S,    !lot  sijjnif leant 
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FIG.  I.  TRENDS    IN  THE  DAILY  PRODUCTION 
OF  MILK  YEILD    BY  PERIODS. 
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FIG.  2.   TRENDS   IN  THE  PRODUCTION    OF  4%  FG.M. 
BY  PERIODS. 
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Table  7.    Composition  of  allk  (Total  solids,  ash  and  rtrotelna). 


Low  protein 


Madlurn  protein 


•  Total 

:  Total 

WW 

•    _A  ah  I 

:  Solids 

:  Ash  : 

Proteins 

i 

■" 

1^ 
/*' 

'TVJJ 

V .  1  ij 

■^-22 

1"^-19 

0.75 

3.  "58 

XX  •  ux 

06 

11.67 

0.70 

3.15 

Urn  ^ 

12.69 

0.67 

3.01 

12.49 

0.67 

3.18 

153C 

12.03 

0.70 

2.93 

12.89 

0.76 

3.12 

155C 

12.12 

0.69 

3.12 

12.29 

0.69 

3.24 

157C 

12.81 

0.73 

3.17 

12.62 

0.73 

3.10 

165C 

11.68 

0.71 

2.79 

13.60 

0.74 

3.37 

169C 

12.05 

0.70 

3.30 

12.95 

0.70 

3.29 

1T5C 

11.94 

0.71 

2.93 

11.82 

0.69 

2.98 

178C 

11.29 

0.67 

2.74 

11.47 

0.68 

2.64 

360c 

14.86 

0.74 

3.86 

14.09 

0.72 

3.99 

370c 

13.73 

0.72 

3.89 

13.79 

0.72 

3.13 

Gov; 

HiKl 

I  protein 

Total  Solids 

5  ?  Ash  : 

Proteins 

P 

46B 

13.43 

0.77 

3.47 

107B 

11.43 

0.70 

3.01 

143c 

12.49 

0.64 

3.12 

153c 

12.18 

0.72 

3.04 

155c 

12.15 

0.70 

3.10 

157c 

12.25 

0.72 

3.16 

165C 

11.99 

0.70 

2.86 

169c 

12.7s 

0.69 

3.32 

175c 

11.79 

0.70 

2.92 

178C 

11.35 

0.67 

2.70 

360c 

14.63 

0.75 

3.23 

JTOC 

13. 39 

0.75 

3.29 

Analysis  of  Varietnce 


Effect  of  level  of  nrotein  in  feed  upon 
protein  percenta^ge  of  milk^  


Source  of  Variation 


Ik? 


0.4689 
0.0994 
0.0488 
0.0409 
0.0419 


F 


Groups 

Cows  within  groups 
Perloc3£j 
Treatments 
Error 


3 
8 
2 
2 
18 


11.19»* 
2.37 
1.16 
0*98 


P<0.01 
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FIG.  3.  TREND   IN  THE  PERCENTAGE  OF  SOLIDS 
IN   MILK  BY  PERIODS. 
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FIG.  4.  TRENDS  IN  THE   PERCENTAGE  OF  PROTEIN 
IN  MILK  BY  PERIODS. 
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Table  9,    Consumption  of  alfalfa  hay. 


ifedlun  ■or'otiGln 

:    Hl[rh  protein 

X  uo  . 

lbs- 

lbs. 

TO  < 
XiC.  0 

20-7 

"54. 7 

0 

"^2  4 

43.7 

32.1 

38.3 
35.8 

155c 

37.7 

42.2 

157c 

•  '  31.3 

31.0 

30.8 

165c 

37.7 

26.6 

31.9 

169c 

•  31.9 

30.9 

31.4 

175c 

36.4 

53.1 

31.0 

178C 

26.0 

24.4 

21.1 

360c 

22.4 

22.6 

21.2 

370c 

15.6* 

11.8 

19.5* 

«  missing  values. 

iinalyais  of  '/ai^lciiice 


Effect  of  different  levels  of  protein 

on  consumption  of  hay. 

Source  of  Variation 

:       D.F.  : 

M.S. 

F 

Groups 

3 

337.3 

82,7** 

Periods 

65.6 

10.1** 

Covfs  :  groupa 

8 

45.2 

6.9** 

Treatment 

2 

3.7 

0.6 

Error 

IS 

6.5 

•«<P  0.01 
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FIG.  5.    TREND   IN  THE   CONSUMPTION   OF  ALFALFA 
HAY  BY  PERIODS. 


Table  10,    Chanp;e  In  body  v/elgjit  during  experlaental  periods, 

 r  :  '    ^       "  ' 

;    Hl.flji  -protein 


Cow  No, 


Low  protein 


I-Iedlum  protein 


153C 

.  +25 

155C 

-11 

157C 

+29 

165C 

+32 

169C 

+12 

175C 

-32 

178c 

+22 

36OC 

+16 

370c 

lbs. 

-  7 

+33 
-10 

-39 
+43 

-  7 
-32 
+  8 
+17 
+11 
+22 
+  8 


lbs, 

+15 

-  1 
+22 

-  4 
+25 
+25 
+10 
+11 
+  3 

+  5 
-12 


Analysis  of  Variance 


Variations  In  body  welp;ht. 


oource  of  Variation 


Groups 

Cows  vdthln  groups 
Periods 
Treatments 
Error 


I 

1 


13.  S 

272.2 
2232.1 
179.8 
311.6 


F 

"oToi 

0.87 

7.06*» 

0.S8 


«*  p<0,01 


Table  11.    Gross  and  ad^luated  efficiency  of  milk  -production. 


Lov  pi*oteln 

!    Medium  protein  ! 

Hlp-li  protein 

Efficiency 

Efficiency  : 

Efficiency 

Cow  : 

^  X  w  0  0 

1  Ad  lusted 

;  Gross  : 

Ad  lusted  ! 

Gross 

:  Adjusted 

lbs 

lbs- 

lbs. 

lbs. 

lbs. 

lbs. 

46B 

31.8 

'  37.1 

26.7 

22.7 

20.8 

27.5 

107B 

22.4 

23.1 

18.5 

27.0 

23.4 

23.1 

143C 

36.9 

37.6 

32.8 

30.4 

30.9 

36.3 

153C 

29.0 

34.5 

39.4 

29.5 

34.7 

33.7 

155C 

27.1 

2A.7 

22.9 

31.8 

28.9 

34. 4 

157C 

29.1 

36.6 

27.5 

25.7 

21.8 

29.0 

165C 

33.7 

41.0 

40.4 

32.7 

30.7 

41.0 

169C 

28.9 

32.1 

28.2 

30.4 

26.0 

29.2 

175c 

23.6 

15.1 

20.5 

24.9 

27.0 

30.7 

173C 

28.5 

35.1 

34.3 

37.4 

30.0 

31.5 

36OG 

26,3 

31.6 

24.3 

31.7 

28.1 

24.2 

370c 

33.4 

37.5 

Analysis  of  /ariance 


Ad.lusted  efficiency  of  allk  production. 


Source  of  Variation 

F 

Groiips 

77.5 

4.47* 

Cows  vdthln  groups 

€ 

65.3 

3.77* 

Periods 

2 

48.4 

2.79 

Treatments 

2 

9.9 

0.57 

Error 

14 

17.3 

♦  P<0.05 


Table  13.    T«D.l?.  consmed  per  100  pounds  4  -per  cent  F.C.K, 


Cow  Ko. 


Lovj  T)roteln 


Medlun  protein 


Hlpjq  protein 


46B 
107B 
143C 
153C 
1550 
157G 
165G 
169C 
175C 
178C 
360C 
370C 


lbs. 
53.5 
75.9 
46.1 

58.7 
C2.7 
59.6 
50.8 
58.5 
71.9 
59.4 
64.8 


lbs, 
65.0 
92.0 
51.9 
38.6 

74.3 
61.8 
42.1 
60.2 
82.9 
49.5 
70.0 
50.8 


lbs, 
81.9 
72.7 
54.9 
49.1 
58.8 
75.6 

43.9 
65.4 

63.1 
56.6 
60.5 


Analysis  of  variance 


T.D.N,  consixmed  yc-r  100  pounds  ^  per  cent  F.C.M. 


Source  of  Variation 


Cows  v/lthln  sroupa 
Periods 
Treatments 
Error 


M>5. 


6 


1* 


309.17 
428.70 
445.57 
5.20 
10.90 


28.36** 
39.28** 
40.86** 
0.48(K.S.) 


**  P<0.01 
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faad  than  inrpflhaaad  gx«in«    Tha  aseparimaQt  was  th^n^fora  xm&w* 
takan  to  study  th«  affiaicney  of  grain  ser^aw  In  the  production 
of  ailk  tfhan  fad  as  a  aingXa  sraiii»  or  lAian  suppXastsntad  with 
aeybaaa  oil  neal.    The  affact  of  tha  rations  on  the  eofl9»oaition 
of  a&llc  was  also  invaatls^tad* 

Tifalva  oo«a«  9  HoXstains  and  3  Jarsaja,  Yarjine  yield 
of  4  par  oant  fat^oorraatsd  tailk  fros  66  to  22  poynOa  dally  vara 
«aad  in  a  balanead  W  latin  square  ohaaea  over  daaii^    Cowa  v 
vara  smpad  aaaardine  to  MM  yield  into  4  eroupa  so  that  oo«a  \ 
within  law  frottpa  wtm  m  atmllar  aa  possihla*    tha  axpariaant 
aas  subdivided  into  5  suhparloda  of  4  ^i—^  aa^«    th«  first  two 
waaks  vara  allowed  far  adluatiMBt  and  the  subaequeot  two  wairtm 
used  M  am^ariiMotal  i>aH«i«*   X»  tlila  daai«B  awary  oow  raaaiwaa 
aMh  traataant  in  tirni  and  aach  traataant  is  followed  erei^ 
Otktar  treatment  an  equal  ncHNMr  of  times.    This  arvaiisaMRit 
helpa  in  redueing  tha  effects  of  highly  var&abla  individual 
productive  ability  and  at  tha  aaaa  tiaa  in  eatlaatins  ttia  resid* 
ital  effect  so  tiaX  tha  yields  cwn  be  freed  of  the  effects  of 
pravious  feado, 

tha  baaal  ration  consisted  of  good  quality  alfalfa  hay* 
The  ow^Mktrate  rati<»)8  were  foronilatad      using  grain  aom^bRHi 
as  tha  BMin  ineradient  and  svqpplaBaBtine  it  with  0»  X2^  and  24 
]^r  cent  of  soybean  oil  omCU    The  <»ncentrate  ratiewui  wars 
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ptll«ted  to  provide  vaitorvAt:?  In  r««<3ing  from  da^  to  day  to 
•void  wuitag««   the  pVGit#iii  «<mt«iit  of  th«  p«ll«t«  wm  8*3»  X2«6 
a&a  17*0  per  oent*   A^owrdimfly  ttuij  wtro  4««i(pmt«<l  as  lov^ 
M^m  mA  taX0k  pfofin  mttntrfttes.   An  •quftUft«d  f*«dl»g 
INM  fdll<»wia  idt&  ttM  «so^U(m  that  bi^  tiM  M  id 
1^14 tiff^   the  «aoKmt  of  ajnecsitmte  fed  ma  vAueoA  by  2  p«r 
o«nt  «Mlh  this  z*eduotion  being  ifTo«p90tiir«  of  the  actual 

doorautt  In  nlXk  yield* 

mik  y&aXd  and  aonaiffiption  of  hay  «a>«  raoorded  datly« 
•Mg^ae  of  four  eonseoutiire  slDdnga  vara  ooa^iositad  aeoordin^ 
«a  yiald  aad  aaaljrsad  anea  a  ifaak  for  the  paraantaea  of  total 
aalida*  fat*  protein  (N3i6,25)»  anS  aah*  Cona  wrm  wai«^MNI  at 
tha  beginning  and  tha  and  of  aaah  expariftent&X  period  for  ttio 
comsc^ciitiva  daya,  aad  the  avara^a  taiMa  in  oalaiOAtliie  #Mas» 
in  live  if^|^t« 

i^Mralts  indieatad  atatiati^dly  i&algnifioaQt  variatiooa 
in  the  production  of  four  per  aant  fat-oorreeted  Bilk  yield  on 
the  three  as^iiaantal  rations »    the  avamga  daily  pmtmMm 
of  4  par  cant  r.c.H*  being  4l.9#  42,3  and  42.0  pMla* 
variationa  in  liira  wei^t  wre  alae  atatiatically  inaifrnif leant, 
tlia  9.vm^  mA0A  on  the  three  es^eriaantal  ratiene 

«aa  9*3*  2*7  and  11*2  psmAn,  in  14  daya  of  experiMBital  period* 
rb»  aaaft^ned  results  of  ailk  yield  and  body  vaie^t  <diange  iiidi<* 
sated  that  sorE^hMi  grain       aqpfmrt  a  daily  oilk  yield  of  at 
laaat  60  pouoda  for  oova  fed  a  baaal  tmtion  of  good  quality 
alfalfa  hay* 
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flMI  liMNHi  of  nroMB  did  not  alter  •iemifleaaUy 

pMWllicg  of  tvtfkX  soliaa,  tat,  prottftii       Mh  in  th« 
■AXk*   Hi*  MWHption  of  hagr  «M  aXfto  not  altoivd  si^sifioantly 
on  the  throe  lerolo  of  protoln  feodlacu    tho  consuQpti<»} 
of  alfalfa  hay  per  oow  poi*  day  vaa  29«0>  S9*6  and  30*1  poigBiAa» 
Mi^paeti'voX;.    Tho  nniniwtitiop  of  hay*  boiwv«r»  Tariod  ai(^fl« 
oantly  froo  porlod  to  period,  ttm  avaraeo  cxmatus^tion  froa  tba 
first  to  tlia  tmrd  oaiporUMntal  poriod  1»alns  26«9t  30«2  and 
3I«5  pamfta*   Zt  la  poaaitdLo  that  tb«  oom  aa^r  have  incraaaad 
oonatsi^tion  of  hay  to  oo^panaato  for  tha  aora  tbm  pfoportlonaia 
daofoaaa  in  wmatBtrato  faadiag  than  tho  aotnal  diMopaaaa  in 

Hi*  t^amga  affielanoy  of  tslDe  psraduotion  on  tha  tiaraa 
ratlOM  waa  !!n.«l»  !!0»0  and  32,1  par  eant,  roapootivelj^  tha 
wtaiMM  httam  atatiatioalljr  I»al9^fiaant«   Efftatan^  9i 
atDe  p90<INioti<»i,  h«mmn»^  variad  ai^fiaantly  froo  graup 
SMVp  aad  aana  mthln  gmpa  Indicatine  ohamotorlatio  Indlv- 
tAoal  diffiwraaaai  liiiali  aaa  not  b«  (OiadiMtM  tvmn  an  experi* 


